INTRODUCTION {#sec1-1}
============

Litigations related to difficult and oesophageal intubation form a significant aspect of ASA Closed Claims project database.\[[@ref1]\] Many videolaryngoscopes such as Bullard rigid laryngoscope,\[[@ref2]\] Glidescope,\[[@ref3]\] angulated video intubating laryngoscope\[[@ref4]\] and Bonfils retromolar intubation fiberscope\[[@ref5]\] are available and have an important role to play in difficult intubation but are expensive. In our pursuit of finding a low cost, easily available and easy to use alternative option to a videolaryngoscope, we used a laparoscope to assist tracheal intubation. A laparoscope (Jarit 600--780 autoclavable, Germany 5.0 mm external diameter, 30 D lateral illumination) was connected to a standard light source (Karl Storz Xenon Nova 20131520) and a video camera \[Olympus OTV--SX (3Chip)\] \[[Figure 1](#F1){ref-type="fig"}\]. The glottic image generated by this system was displayed on a monitor (Sony PVM--14NCE). The aims of our study were to assess (a) whether a laparoscope along with conventional direct laryngoscopy (DL) improves the visualization of the glottis as assessed by Cormack and Lehane (C and L) grade, (b) to compare the time taken for laparoscope assisted tracheal intubation in patients with respect to different C and L grades as assessed by laparoscopic assistance.

![Laparoscope connected to the light cable and video camera along with the endovision system](IJA-55-508-g001){#F1}

METHODS {#sec1-2}
=======

Sixty patients, ASA physical status I--II, requiring general anaesthesia and tracheal intubation for elective surgery were included in the study. Patients with ASA III or IV and those requiring rapid sequence induction, raised intracranial pressure and cervical spine injury were excluded. A written informed consent and institutional ethics committee approval was obtained. Randomization was done by computer-generated numbers.

Preoperative assessment of the airway included Mallampatti classification\[[@ref6]\] (Samsoon and Young\[[@ref7]\] modification), jaw protrusion test, mouth opening, thyromental and sternomental distances. The airway assessment could not be carried out in two paediatric patients (aged 7 months and 1 year); therefore, they were excluded from the study.

Difficult airway was considered if mouth opening less than 4.5 cm, Mallampatti classification III or IV, jaw protrusion B or C, thyromental distance \<7 cm\[[@ref8]\] and sternomental distance \<12.5 cm. Improvement in the glottic view was considered if a decrease in C and L grading by one grade or more occurred, following the insertion of the laparoscope.

After premedication and standard monitoring, anaesthesia was induced with propofol (1.5 mg/kg), fentanyl (1.5 μg/kg) and vecuronium bromide (0.1 mg/kg). After positive pressure ventilation, an initial DL was performed by a Macintosh laryngoscope. The glottic view was graded by a separate anaesthesiologist not involved in intubation. The intubator was blinded to the first laryngoscopy score. An assistant (OT technician) introduced the laparoscope along the flange of the Macintosh laryngoscope (from the right-hand side of the anaesthesiologist) about 3-4 cm into the oral cavity keeping the light cord at 6 o'clock position and the glottic view as seen on the monitor was further graded by the anaesthesiologist \[[Figure 2](#F2){ref-type="fig"}\]. The difference in C and L grading\[[@ref9]\] obtained by a Macintosh laryngoscope and that following laparoscope assistance was our primary outcome measure. An oral tracheal tube (TT) was then introduced from the right lateral corner of the mouth into the glottic aperture guided by endovision display. An anaesthesia circuit with the capnometer was attached to the TT. Positioning of the TT was confirmed by capnographic trace and chest auscultation. The time to intubation (TTI) was recorded as the time from insertion of the Macintosh blade into the mouth until the display of endtidal carbon dioxide trace on the monitor. TTI after laparoscopic assistance in patients with different C and L grades (as assessed by laparoscopic assistance) was our secondary outcome measure. Use of optimal external laryngeal manipulation (OELM) or stylet to aid intubation was recorded. Anaesthesia was maintained with end tidal sevoflurane (1--2%) in 33% oxygen and nitrous oxide and vecuronium bromide (0.1 mg/kg) as boluses. If more than one attempt was needed for intubation, the patient received bag and mask ventilation between the attempts. Successful intubation or failure to intubate (defined as failure after three attempts) was taken as the primary end point of the study. At the end of the surgery, neuromuscular blockade was reversed and the trachea extubated. The placement of orogastric tube, desaturation (SpO~2~ \<95%), blood on; TT, lip, dentition or mucosal trauma, sore throat, hoarseness of voice, excessive secretions, gastric regurgitation, bronchospasm and laryngospasm were noted.

![(a) External view of Macintosh laryngoscope, laparoscope and tracheal tube; (b) glottic view on direct laryngoscopy using a Macintosh blade; (c) glottic view on laparoscope assistance; (d) passage of the tracheal tube through the glottis](IJA-55-508-g002){#F2}

A sample size of 60 patients was calculated to detect a difference of 25% proportions with respect to improvement in the primary outcome (C and L grade). Our study had a power of 0.8 with a set at 0.05. The results were statistically analyzed using statistics package for social sciences (SPSS) software, (17.0 version; SPSS Inc., Chicago, IL, USA). Data were described as mean±SD or (95% CI) and number (percentage) as appropriate. A *P*-value less than 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

Sixty patients were enrolled over a period of 1 month. However, two paediatric patients were excluded from the study as their airway could not be assessed. Patient characteristics and airway parameters were as per [Table 1](#T1){ref-type="table"}. The airway parameters of all the patients are given in [Table 2](#T2){ref-type="table"}.

###### 

Patient characteristics and airway data (*n*=58)

![](IJA-55-508-g003)

###### 

Airway parameters

![](IJA-55-508-g004)

In the study, 24 out of 29 (83%) patients showed improvement in the glottic view as assessed by the C and L grade. Of the 16 patients with grade II view on DL, 13 improved to grade I view and out of 13 patients of grade III view on DL, 8 improved to grade I view, while 3 improved to grade II view after laparoscopic assistance \[[Figure 3](#F3){ref-type="fig"}\]. None of the patients had grade IV view on DL. Thus, 13 out of 16 (81%) patients with C and L grade II and 11 out of 13 (85%) patients with C and L grade III on DL showed improvement in glottic view on laparoscopic assistance. OELM to assist during intubation was required in 14 patients \[[Table 1](#T1){ref-type="table"}\].

![Cormack and Lehane grading](IJA-55-508-g005){#F3}

Time to intubation with respect to different C and L grading is shown in [Table 3](#T3){ref-type="table"}. The average intubation time was 37 seconds. Except for two patients in the study, the rest required a single attempt for intubation. One patient with swelling in the right submandibular area, could not be intubated by this technique while the other required a second attempt for intubation to thread the stylet through TT. Three patients complained of sore throat. There was no incidence of desaturation or oesophageal intubation, trauma to lip, teeth, pharynx, hoarse voice, excessive secretions, gastric regurgitation, bronchospasm or laryngospasm.

###### 

Time to intubation (seconds)
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DISCUSSION {#sec1-4}
==========

In our study, an overall 83% of the patients showed improvement in C and L grade by laparoscopic assistance over DL. Out of these 81% and 85% of the patients who showed improvement were those with C and L grade II and III respectively on DL. The TTI was 37 seconds which was comparable to 36--80 seconds as documented with other rigid endoscopes.\[[@ref3]--[@ref5]\] Sore throat was present in three patients.

Laparoscope-assisted intubation along with a conventional laryngoscope is a new approach.\[[@ref10]\] Laparoscopes are now freely available in most setups without the additional cost of a videolaryngoscope designed to tackle difficult airway, to provide a clear anatomical view of the glottic area, to be able to 'look around the corner',\[[@ref3]\] and to view the glottis via the camera without aligning the oral, pharyngeal and laryngeal axes. Therefore, a potential C and L grade III or IV glottic view should become a C and L grade I or II view with laparoscopic assistance.\[[@ref11]\] This notion has been confirmed by our study. The intubation process involves two aspects, the first being the visualization of the glottis and the second comprising of the negotiation of the TT through the glottis. Laparoscope-assisted intubation improves the first aspect and thus, avoids the trauma associated with the visualization of the glottis in difficult airways. It is well recognized that a good laryngoscopic view does not necessarily predict an easy intubation.

Ravishankar *et al*. used a rigid nasendoscope connected to a video camera to intubate a child with Pierre Robin syndrome.\[[@ref12]\] They hypothesized that if the tongue is lifted away from the posterior pharyngeal wall, glottic view from the pharynx is suitable with 70 D lateral illumination but we achieved the same with 30 D lateral illumination. The longer length of the scope offered the additional advantage of allowing the assistant and the anaesthesiologist to share the airway and at the same time allowing introduction of the TT from the lateral corner of the mouth. We used the conventional TT polyvinyl chloride without shaping it as 'J' as used by Ravishankar *et al*.

In our study, 81% and 85% of the patients with C and L grades II and III on DL demonstrated improvement respectively. TTI in our study was 37 seconds which is comparable to that of angulated video intubating laryngoscope (35 seconds).\[[@ref4]\] In studies with Bonfils\[[@ref5]\] and Glidescope\[[@ref3]\] videolaryngoscopes much longer intubation times of 80 seconds and 46 seconds respectively have been reported. In our study, no decreasing trend was noted in the TTI with increasing number of intubations, thus demonstrating no learning curve for the technique. OELM is reported to reduce the incidence of difficult laryngoscopy.\[[@ref13][@ref14]\] OELM enabled intubation by aligning oropharyngeal Laryngeal axes in 24% of the patients in our study.

The technique requires good hand and eye coordination as the endoscopist has to focus his/her attention continuously on the monitor. In situations of unavailability or unfamiliarity with the use of flexible fiberscope, the laparoscope can be easily used to assist intubation for unanticipated difficult airway. It even provides a better magnification and a steady view on the monitor. The technique is simple and closely resembles conventional intubation.

This technique allows looking at the video display on monitor which is far more comfortable than looking into the eye piece of an endoscopic device in a critical situation. As the operator remains in the usual intubation position and can easily change the view from the oropharynx to the monitor and vice versa, it allows nearly simultaneous observation of the video display, patient and monitor. The technique provides display for multiple viewers, demonstration, supervision and teaching purpose and also allows video-taping for subsequent review or documentation of the intubation procedure. Theoretically, this technique provides an atraumatic intubation as it is done under direct vision.

Our study has few limitations. The technique cannot be used in patients with small mouth opening and space occupying lesions of the oral cavity. We also did not compare the tracheal intubation time using the conventional Macintosh laryngoscope and laparoscope-assisted intubation.

Our study demonstrated that laparoscopic assistance improved the glottic view seen during conventional laryngoscopy. The technique finds use in cases of unexpected difficult airways and in routine teaching programmes. However, further studies are needed to evaluate its role in facilitating TT insertion, reducing TTI for difficult airway and decreasing pharyngolaryngeal adverse effects.
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